In two previous papers (Gowan 1928(Gowan , 1930 
the entire ozonosphere except the layer being considered. For given latitude, season, amount of ozone, and amount of water vapour only the term containing A a needs recalculation at each stage of the successive approximation process.
Nine layers have been chosen: from 11 to 15km., then every 5 up to 55km. The distribution of water vapour, carbon dioxide, and ozone in the nine layers was calculated on the basis of a preliminary estimate of temperature for average condi tions at latitude 50°N. These were then considered as 'optical layers', i.e. as con taining this constant amount of gas. Only small changes in height resulted from the final temperatures being different from the first estimate. These have been neglected in the region considered.
Data on quantities
In table 1 are shown the amounts of absorbing material in the nine layers. For oxygen and carbon dioxide the units of thickness are centimetres, in all the other columns they are microns. For o?one and oxygen and carbon dioxide the amounts refer to normal temperature and pressure; for water vapour they are the equivalent thickness of liquid (compare Brunt & Kapur (1938) and Jaumotte (1936)). Table 1 ozone pressure A The water vapour was calculated as proportional to the total pressure (i.e. completely mixed in the stratosphere) starting with 10 and 40 % relative humidity at the tropopause. The ozone was computed from the curves given by Gotz et al. (1934) . Carbon dioxide was calculated as proportional to the total pressure. The proportion found by Paneth (1937), 0-03 % by volume was used.
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Data on absorptions
The absorption of solar energy in oxygen has only been taken into account for wave-lengths longer than 1750 A. It appears to be of little importance below 55 km. but shows signs of becoming important at greater heights. If calculations at such heights are attempted the effects of the strong absorption band at 1450 A. should be included. Gotz (1936) has made some calculations of the absorption in oxygen. The agreement was good, and the absorptions which gave this agreement were used in one set of temperature calculations, which are therefore not adjusted for the pressure effect. Subsequently another set of temperature calculations was completed using the absorptions adjusted for the pressure at the lower boundary of the layer concerned.
For the upper layers an extrapolation was necessary, and for this purpose a replot on log-log paper was made. The curve is slightly concave downwards, but for the extrapolation a straight line was used to give the absorptions for the upper layers. These are therefore somewhat too high, but the pressure correction makes their influence on the calculated temperature rather small. In cases where water vapour is not corrected for pressure the 10 and 40 % values of water vapour would be slightly low for the upper three layers.
The emission of the 14ju, band (whose width is 2-0ju) for carbon diox from the curve on p. 80 of Elsasser's monograph. The curve was replotted on log-log paper which makes it concave downwards. For the small quantities involved in the upper layers an extrapolation is necessary. This was done on the basis of a straight line, which gives too large absorptions and emissions. Even so the carbon dioxide contribution, whether corrected or not corrected for the pressure effect by the square-root law, turned out to be negligible above 30 km. There may be a certain overlapping in absorption and emission for carbon dioxide and water vapour about 15 to 16 p .This has been neglected, each constituent being treated individually. There is an effect of temperature on absorption. It is smaller than the pressure effect, the numerical values are uncertain, and it adds an extra complication to the successive approximation scheme used. In all cases calculated this temperature effect has been neglected. The combined radiation of the earth's surface and the troposphere is required for E x at 11 km. This has been computed for the many wave-lengths necessary, using observed average values of temperature, humidity and ozone concentration (Napier Shaw 1928) . Most of these data are plotted in figure 1 where the pressure correction has been applied, and in figure 2 where the water-vapour absorption is uncorrected for the pressure effect. Figure 2 (Lennahan 1938) . None of these curves is strictly comparable with the calculated values, since the attainment of radiation equilibrium at midday has been assumed for the calculations. Failure to attain this equilibrium, or cooling from it by 6 p.m. or by 10 p.m., would certainly make the calculated temperatures higher than those observed.
Ballard (1941) obtains a cooling of 10° K from 6 p.m. to 2 a.m. at the height of 25 km., based on a small number of observations. If a cooling of 15° K could be assumed from midday to midnight at 25 km., the observed temperatures would nearly agree with the calculated values. This agreement may imply that even below 30 km. the diurnal temperature changes are rapid enough to allow the attainment of radiation equilibrium.
The difference between observations over Seattle on the west coast and over Omaha in the great plains is very similar to the difference in temperature distributions for temperate and tropical latitudes, both in height of tropopause and lapse rate above it (Chiplonkar 1940; Jaumotte 1937). Hafer (1940) states that at Omaha in general the summer shows a large temperature inversion and the winter months little or none in the stratosphere. The same effects might be observed at greater heights over Ellendale.
It will be noticed that the pressure corrected curves for zero, 10 and 40 % water vapour are very close together above 25 km., while this is .not the case for the un corrected ones. The crowding towards the zero curve in the higher layers is due to the fact that the pressure correction is equivalent to decreasing greatly the effective amount of water vapour in these layers.
A significant difference is evident from summer to winter below 25 km. The curves, however, show about 10° K difference near 20 km., and this is in agreement with balloon observations (Munich and Seattle). The calculations for winter conditions do not take into account any possible change from summer in the water-vapour content of the ozonosphere or in the vapour pressures in the troposphere. Another feature of the winter curves is the small change from summer in the temperature of the 50 to 55 km. layer. This is mainly due to the large zenith angle of the sun and the consequent long path of the parallel solar rays. For the shorter wave-lengths of the ultra-violet ozone band the absorption is complete in this one layer, almost com pensating for the greater area over which the energy is spread. In the next few layers down to 35 km. this depletion of energy in the top layer does not leave enough to compensate for the larger area, and the temperature differences are large. Still lower, below 30 km., the other terms in the equation become more important than the solar term and the temperature differences become small again.
The curves for reduced solar energy show that the temperature could still be above 300° K around 50 km. in spite of the 2000° K drop in the effective temperature for solar ultra-violet.
The curves for 0*200 cm. of ozone have not been plotted. They show no change above 40 km. as would be expected, since the ozone decrease is in the layers below this height due largely to inaccuracy of determination above 40 km. A real decrease of ozone and temperature almost certainly occurs here. In the middle layers there is a tendency for the solar energy to be absorbed lower down (in contrast to the winter calculations) and a small decrease in temperature is shown from 15 to 30 km. This change is less than of that expected by Dobson (1942).
Vassy & Vassy (1939) infer that the mean temperature of atmospheric ozone is low, but nevertheless there is a temperature increase in the upper part of the ozono sphere. The calculated results of the present paper agree, since the bulk of the ozone is below 30 km. where the average calculated temperature is about 240° K. Regener (1941) discusses the high temperature of the upper ozonosphere, and its explanation by the absorption of solar energy. He suggests that spectral methods may yet be used to determine the temperature distribution at great heights.
Conclusion
The results generally indicate that absorption of solar radiation by ozone will explain the existence of high temperatures around 35 to 50 km., though the ozone maximum is at 22 km. The small increase in the lower stratosphere also agrees in slope with the Omaha balloon observations (which may not be representative of the earth as a whole (Wigand 1931)), but the calculated temperatures are 15 to 20° K too high at 25 km. The assumptions regarding water vapour are reasonable, but in truth there may be irregular variations with height about which nothing is now known. The approximate agreement with directly observed temperatures serves to justify the primary assumption of radiation equilibrium as a good working hypothesis. For heights below 30 km. this aspect of the problem should repay further study, including an extensive analysis of balloon observations under widely different geographical and climatic conditions. Vol. 1 go. A. 15 
